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Watertown Arsernal Lshoratory

Hemorandum Report WAL 1;0[525

Partial Report on Problem B-7.3

../‘_‘

Metallurgical Examination of Defective and Satisfactory

Helmots and Helmet Steel Stock Furnished by the
McCord Radiator and Manufacturing Company, Detroit, Michigan

23 December 1943

-

1., In the continuation of the investigation of the defects in
Hadfield manganese stesl which influence the bdreakage of N1 helmets
both during various manufacturing processes and in service, eighty-six
samples of defective and satisfactory helmets and helmet steel discs
supplied by the McoOord Radialor and Manufacturing Oempany, Detroit,
Michigan, were examined at this arsenal. -~

2. Previous study of similar material supplied by the Schlueter
Nanufacturing Oompany of St. louis, Missourli, indisated that helmet
breskage and bdallistic failures encountered at that plant were traceadble
to surface decardurigation of the austenitic manganese steel resulting
in the formation of brittle, martensitic suriace layers and to laminations
of martensite below the surface of the helmet stesl probably resulting
from residual ingot piping. The results of this preliminary study are . -
contained in Watertown Arsenal Laboratory Memorandum Report No. WAL 710/571,

28 August 1943,

3. The following conclumions result from the examination of the
material provided by the McOord Radiator and Manufasturing Company and
from further examination of some of the Sochluster Manufacturing Company
samples:

&, Breaskage during forming of the subject helmets was caused
by the following metallurgiocal defects:

1, Surface decardurisation.
2. Undissolved carbides forming greia boundary networks.

b. Surface decardurisation results in the formation of hard,
drittle martensitic layers. The maximum observed hardaess of the de-
carburised layer was 593 Knoop Hardness Numbder.
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6. The "onion-skin® condition is not a reliable gage of surface
decarburization, A characteristic mottled oondition is observed on many
decarburiged discs but not on all.

4. The 180° bend test as desarided in paragraph k-1 of
Specification AXS-645(Rev. 1.), "Helmet Steel, M1", if properly applied
and interpreted is capadls of rejecting much of the unsatisfactory steel
being delivered to the helmet fabriocators.

8. The results of the 180° bend test correlate well with the
nagnetic test developed at this arsenal. MNetallegrasphic examination
sabstantiates both tests in all cases.

f. The Olsen cupping test, although capedle of differentiating
between utufutory and defective ltul is not as practiocable am in-
spection tool as either the 180° bend telt or the magnetic test.

£. The spot welds of the special megnetie "U® type chin strap
clips were oconsistently unsatisfactory. This is not attridbutadle to in-
herently poor gpot welding characteristics of austenitic manganese steel
to low cardbon steel but to poor welding tacmigue employed upon the
submitted samples.

h. Spot weldinz experiments performed at this arsenal indicate
that both tae 18-8 type of stainless steel and low carbon steel can be
successfully spot wvelded to austenitic manganese steel. 18-8 stainless
steel forns a spot weld spproximately one-third stromger than does low
carbon steel of the same gage spot welded to Hadfield manganese steel sheet.

1. Seven of the twenty helmots forwarded to this arsenal, after
examination at McCord had ascertained they were free from cracks, were
found to have edge orucks upon exemination at this arsenal. This delayed
cracking is believed associated with a condition of aigh residual strosses
in a stesl of high notch sensitivity.

k. %The material received from the McCord Radiator and Manufacturing
Company and some of the steel supplied by the Sehlueter Nanufaoturing
Company exarined in the mibject investigation ie listed in Tadle I of
the Appendix,

5. Details of the metallurgical examinatien are as follows:

»
8. Appearance of Surfaces of Helmet Dises j

The personnel of the McCord Radiator amd Manufacturing Ooupm/('
recognise certain sarface conditions on helmet discs variously describded
as "onion-ekin® or "rough murface" which they believe are associated with —
helmet breskage during the forming operations. Im addition, they express
the opinion that dents, excessive warpage and surface scratches on the ——
helmet discs contributo to drav breakage. ribution/ |
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Previous examination of helmet discs having both smooth and
rough surfaces® revealed that the discs with rough sarfaces were decarburised
to the extent that layers of martensite up to 0.0017® thick were formed
at the surfaces. Decarburization to this extent was feund responsible
for a lowering of the ballistic limit of the annealed discs by as much as
2% when tested with caliber .45 ball ammunition, end for increased helmet
breakage during the forming operations.

Fgure 1A is a photogreph at a magnification of X2 of a
portion of the surface of a helmet disc having a typiecally smooth surface.
The fine parallel lines indicate the direction of rolling. Figure 1B is
a photograph of the mottled condition observed on several of the previously
examined helmet discs exhibiting a "rough surface®. JFigure 1C is a photo-
graph of the surfagce of a helmet disc exhibiting an "onion-skin® surface.
Metallographic exsmination of several discs having "onion-skin® surfaces
revealed the absence of a decarburized layer. It is believed that this
condition results from surface etohing produced by & slight overpickling
during the processing of the sheet steel, and is not considered deleterious,
having been observed on many discs from which helmets have been successfully
formed.

The mottled appearance, Figure 1B, has also been observed on
numerous helmets supplied by both the Sechlueter Manufacturing Company
and the NcCord Radiator and Manufacturing Company which broke during the
drawing operation becanse of surface decardurization. There have deen
instances where decarburized discs did not exhibditi a mottled surface but
had smooth surfaces. The surface appsarance is not, therefore, an entirely
satisfactory zage of the presence of surface decardurisation, although
di scs having a mottled appearance should be considered suspect.

The ten discs of geries A and B (see Tadle I of the Appendix)
were exanined for surface condition and then subjeoted to magnetic®® and
microscopic examination., The results are containc. in Table 1l of the
Appendix., Of the five discs selected at the McCord plant as having poor
surface conditions, enly two are unsatisfactory becauss of metallurgical
defects. The dented condition of two of the dises resulted from mechanical
abuse, while the "onion-skin® surface of the remaining disc is not con-
sidered harmmful. Of the five discs selected as having satisfactory surface
conditions, three are of good quality, and two are desarburised to an
extent believed capable of causing increasec drav dreakeage. Of these two,
one has a slightly mottled surface and one a smooth surface; demonstrating
that the surface appearance alone is not a saticfactory criterion of the
existence of decarburization.

*Watertown Arsenal Laboratory Memorandum Report Neo. WAL 710/571, 28 Aug. 1943,

pages 6-7.
**YWatertown Arsenal Laboratory Memorandum Report No. WAL 710/571, 28 Aung. 1943,
paces 7 and 8§ and Figure 4 for details of the megnetic test.
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b. Magnetic Test

The helmets of series C, D, K, F, ¢, and H (see Table I of
the Appendix) were sudjected to the magnetic tast, and the results are
contained in Table IIl. Previous macnetic tests widich were supplemented
by =atlcroscopic examination led to the conclusion that a traverse avay
fron the vertical in excess of 10 inches represents a degsree of de-
carburization responsidble for poor deep drawing charactericstics, while a
travers: of less than 6 inches represents freedom from harmful de-
carburization. Cold working o7 the Hadfield stesl dnes not changs the
magnetic properties of the steel sufficiently to snpvreciably affect the
sensitivity of the magnetic test used at this arsenal to detect the
presence of surface decarburisation.

Nine of the 45 helmets subjected to the magnetic test showed
traverses away from the vertical in excess of 10 inches, Of these nine
helmets, five had cracked during the forming operations, The four re-
naining decarburised helmets which did not orack were all fadbricated from
steel supplied by the Carnegle-Illinois Steel Corporation. Previous mag-
netic and metallographic examination of Carnegle-Illinois helmet discs®
indicated that steel produced by that corpany teands to be decarturised
on one surface only, witi the other surface essentirlly free from de-
carburisation. If such disce are placed in thc forming dies so that the
decarburised surface becomes the inside surface of the helmet, the fine
networks of cracks which form as the drittle martensitic surface layer
i¢ mabjected to deformation are confined to the inside of the helmet and
are not as dangerous as they would be if they were formed on the outside
surface of the helmet. It would be expected, however, that the ballistie
properties of such helmets would be adversely affected by the inner de~
carburiszed surf:ce.

Helmet No. Cl0, which was successiully rormed from Carnegie-
Illincis steel found to be decarburized only upen the surface corresponding
to the inside of the helmet, was ballistically tested with caliber .
ball ammunition and found to have a ballistic limit of 824 ft/sec. Previous
ballistic tests of Hadfield steel helmets®® shoved that good quality helmets
have an average ballistic limit of approximately 1000 ft/sec., or 175 ft/see.
higher than that of helmet No. Cl0. This result is in agreement with other
firing tests conducted at this arsenal which indicated that decardurised
helmet steel has a ballistic limit as mch as 200 ft/sec. lower than that
of steel free from decarburisation.

8. Bend Test

Paragraph E-1 of Specification AXS-645(Rev. 1.) "Helmet, Steel,
M1"* reads as follows:

"Steel. The steel shall withstand, without cracking on the outside
of the bent portien; being bdent cold through 180* flat back, in either
direction,?®

*See Report No. WAL 710/571, page 6 and Figure 1B,
seReport No. WAL 710/U439, 20 dune 1942 and Watertewn Arsenal Piring Record D-13,

6 September 1943,
=l
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For reasons unknown, the bend test as desoribed in the
specification is not applied as & routine test to check the steel quality
either by the helmet fabricators or by the Ordnance Department.

To investigate the validity of the bend test,several steels

which had previously been subjected to magnetic tests and microscopic
examination, were investigated. These steels are as follows:

Mfgr. Kagmetioc Results of
Disc Helmet Fabricator's Mfgr. of Heat Traverse Microssopie
No., JFabricator Lot No, Steel Mo, Inches Examination
R Schlueter 624 Sharon 72195 3.5 Excellet quality
Spc*tty decarburise~
4  Sbhlueter 634 Sharon 72202 10.0 ticn - .001® thiek en

both surfaces
Decarburized en ene

CB KcCord 515 Carnegie 246803  11.0 e
Decarburiged - ,(017°
£ Neyedd 287 Sharon 72403 19.0  layers on both sux-
faces
cl Schlueter 378 Sharon T2k 37,0 Martensite laminatien

delow surface of dise

Two three inch wide strips of the above steels were bent in the
following manner. The strips were inserted in the jaws of a vige with
epproximately two inches protruding above the vise. The projection was
hammered down to produce a 90° bend, and the bend was then continued in the
Jaws of the vise until the hack surfaces of the strips were in contact.

One strip of each steel was bent in one direction, and the second in the
other direction, eo that both surfaces of the stecl were subjected to tension
on the outside of the bends. o

Photographs of the bend test samples of the five steels at

nagnifications of X2 and X5 are shown in Figure 2.

Steel Kl produced no cracks whatseever en the outside of the
bends of doth specirens. This steel had been found to have satisfactory
deep drawing characteristics, a low magnetic traverse, and complete freedom
from decarburigation.

Steel M showed only tiny cracks on the murfaces of both bends,
and according to a sirict interpretation of the vording of the specification
probably represents a borderline rejectable condition. A magnetic traverse
of 10 inches aleo represents a borderline rejectable condition. A close
correlation is indicated between the bend and the megnetic tests. Steel
from this lot (Sharon heat no. 72202) had produced helmets which failed the
ballistic acoeptance test because of the presence of martensitic surface
layers resulting from decarburization.

-5-
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Steel CB is of considerable interest. Metallographic
examination had revealed the presence of decerdurigzation on only one
surface. The bend with the decarburised surface en tane outside produced
the cracks shown in Figure 2. The bend with the undssarburiged surface
on the outside produced an uncracked appearance similar to that odtained
vith steel El. This experience exphasiszes the necessity for conducting
the bend test in both directions so that bdoth surfaces of the steel will
be equally subjected to the tensile stresses eccasioned dy the bending.

Steel CB would also be considered rejestadle under the
wording of the specification.

Steel SB cracked severely in bdoth directions upon being dent.
This gteel showed a magnetic traverse of 19® and was decarburised on doth
surfacen, with 0.0017" thick layers of martensite being developed on the
surfaces,

Steel Cl split open upon being dbent. MNetallographic examinatien
revealed the presence of a lamination of martensite delow the surface of
the steel. This lamination probably originated in an ingot defect that
was Tolled out in the sheets.® This steel had a magaetic traverse of 379,

The bend test was also applied to strips eut from discs
Al-A5 and Bl-B5. The remilts checked the magnetic test; discs Al, A2, AJ,
Bl, B2, and B3 ferming no cracks and disos A4, A5, B4, and B5 cracking to
the approximate extent shown by steels 4 and CB in Figure 2.

The results of the bend test indicate that strict application
of this test 1s capable of rejecting steel vhich is desarburised or
laminated to an extent having a deleterious effect wpen the deep drawing
and ballistic properties of Hadfield manganese steel sheet.

d. Olsen Test

The results obtained to date with the Olsen cupping test
indicate that the quantitative value of the height eof the cup at the momemnt
of fracture is not always a reliadble index of édnetility in that defective
steels have been occasionally found to have high Olsem numbers. The
appearance of the cupped area does, however, present ecensiderable informaties.

A steel free from metallurgicaul defects presents very smooth
surfaces on the outside and inside of the Olsen cup, see Figures 34 and 3.
Vhen a decarburiszed steel is subjected to the ocupping test, a network of
fine cracks similar to those formed in the bend test appears on both the
outside and ingide surfaces of the cup giving it a rough appearance, see
Figures 3C and D. Figure 3D also shows the characteristic mottled surface
appearance frequently associated with decarburigatien., Steel containing
martensite laminations below the surface fracture ia a very characteristie
manner, see Figures 3E and I,

*See Report No., WAL 710/571, page 5 and Figures 10 and 1D.

~6-
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Because the quantitative value obtained from the Olsen
cupping test is unreliable for specification purpeses, and the qualitative
appearance duplicates to a less satisfactory degree the results of the
bend test, the Olsen cupping test is not resommended for use as an in-
spection tool. The bend test is by far a simpler qualitative test, while
the magnetic test is mmswpassed as a quantitative test.

8. Migroseopic Examination of Helmets and Helmet Discs

Speoinens for metallographic examinatien were prepared from
discs Al, A2, A3, Al, A5, Bl, B2, B3, B4, and B5, and from cracked helmets
m, o4, D6, N, K, ¥5, ¥6, and 8, see Table I.

The microstructures of discs Al, A2, A3, Bl, B2, and B3
consisted of equi-axed austenite grains free of undissolved carbides and
surface decarburisation. The freedom from metallurzical defects would
insure maximum deep drawing properties. The magnetic traverses of these
discs varied from 0.5% to 6.0". Discs Al, A5, B4, and B5 were also free
from undissolved carbides, but one surface of each of these discs was found
to be irregularly decarburised, with martensite layers having a maximum
wvidth of 0.001® occurring at the surface. The martensite layers on all
four discs were discontinmous, the discontinuities apparently coineciding
wvith the mottled earance shown in Figure 1B. The magnetic traverses
of disos AN, A5, B4, and B5 varied from §.5" to 10.5%, which represents
the borderline rejectable condition.

The oracked helmets examined in this investigation present
twvo distinct metallurzical defectes— surface decarburisation, and undissolved
grain boundary ocarbides. Of the helmets examined, Il and D4 were badly
deocarburised,Figures 44 and B, and helmets D6, K1, E2, F%, F6, and ¥§
contained varying amounts of undissolved grain boundary carbides, Figures
4C snd D. Swall cracks which frequemtly eccur in the martensitic layer
of oold-worked desarburiged helmet steel are shown in Figure UB. The
carbide grain houndary networks are believed to be the result of either
too lov an sustenitising temperature or too short a tine at temperature,
resulting in incomplete solution of the carbide in anstenite. Exactly
sizilar mterestructures have been produced at this arsenal by quenching
helmes stock from 1475°F.®

The lov magnetic traverses of the helmets wvhich broke because
of the embrittling effect of grain bdoundary carbides illustrate the
insignificant effest of doth 00ld working and undisselved cardbides upon
the sensitivity ef the magnetioc test.

To confirm that the mioroconstituemt eosurring at the sur-
faces of decardurisged helmet stock is martensite, Kneep hardness surveys
vere made on numereus cross-sections of decarburised material. Figures
5A and B are photomicrographs of knoop hardness traverses across a section
out from helmet D4 which broke during the forming operation. Tbs hardness

S¥AL Report No. 710/430 "Helmets - Development ¢f 2 Test for Hadfield
Manganese Steel Helmets®, Figures 3 and §.

-7_
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of the decarburised layer is 593 Inoop, while that ef the cold worked
base metal is 356-370 Knoop. The Knoop hardness numbers in this range
are roughly equal to the Vickers Pyramid hardnese aumbers. Hardness
surveys made on samples of decarburized helmet stoek in the annealed
condition uhow hardnesses of 336~395 Knoop in the decarburised layer and
an averaze of 222 Knoop in the bare netal. The decarburized surface
layer probadbly consists of a mixture ¢f sustenite and martensite, the
amount of martensite, and consequently the hardness, being a function

of the extent of decarburisation.

£. Microscopic Ixamination of Spot elds of Special
Magnetic "U* Type Chin Strap Clips

Helmets 01, 02, O4, and 05 were provided with special *U®
type chin strap clips made from low carbon steel wire spot welded to the
helmet bodies. They were forwarded to this arsenal fer a study of the
bond between the low cardbon steel and the sustenitic manganess stesl and
for comparison with the spot welds of the stainless steel chin strap clips
used in production.

Previous examination of spot welds between the stainlecs
steel chin strap clips and the helmets had disclosed many undesirable
features tending to produce service failures of the welds. These features
include weld porosity, interdendritic oracking in the fusion sones, and
sovere notch effects resulting from faulty design ef $the olip and th
method of attachment. :

The ferritic clips were apparently wvelded to the helmets
vith the same technique employed with the stainless etsel clips normally
used for this application. The welds had a very unsstisfactory appearance.
Excessive pressure had svidently been exerted, resulting in the flatteming
out of the ends of the ferritic olips to such an extent that they were
seriously weakened. Yor exsmple, the clips on helmet 05 were readily
broken off by grasping the rim of the helmet in the palm of the hand and
pressing inward on the clip with the thumdb, Im addition, either too large
a current or too long s time of spplication of current was used, resulting
in excescively large heat affected gones. A cursory examination of the
above factors indicates that a spot welding techmique has to be carefully
developed for each material, A technique produciag satisfactory spot welds
between 18-8 and Hadfield will not necessarily preduse the same qualify
of wveld between lov carboen steel and Hadfield.

The eight spot welds on helmets C1L aad OM vere prepared for
nicroscopic examination. Without exception, all ef the welds exsmined
exhibited sevsre fusion xone cracking. Photomieregraphs shown in Figures
6A, B, and O illuetrate the extremely poor welds. The cracking was entirely
confined to the sustenitic steel, oocurring at the bdonadary between the
base metal and the moelten pool of the weld.

-8-
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The poor quelity of these experimental velds do®hot ne-
cessarily prove that lov carbon steel and austenitic manganese steel
have inherently poor welding characteristics when spet welded together,
but does prove that the welding technique employed was unactisfactory.
With this in mind, spet welding experiments were initiated at this
arsenal to determine if low ocarbon steel can be successfully gpot welded
to Hadfield manganese steel.

£+ Experimental Spot Welding of 18-85 Stainless Steel
end Low Carbon Steel to Hadfield Manzanese Steel

in order to evaluate and compare the stremgth and quality
of spot welds between 18-8 stainless steel and zustenitic menganese
stesl t0 welds Detweer low carbon steel and manganese steel, tensile
test specimens, as shown in Figure 7, were spot welded together and
tested.

The 18-8 stainless steel and the low earbon sheet steel
were procured in 17 gage (0.058") thicknesses. The Eadfield helmet stesl
stock consisted of good quality steel O.OW4® thiok, produced by the
Sharon Steel Oorporation, heat #72195, Schlueter lot $#62A. The 5" x 1°®
strips of the various metals vere sheared to sige, and spot welded to-
gether with an Kidler, 5XVA, 550 volt spot welding maghine. The current
was applied for approximately 14 seconds for each of the three spot welds,
producing welds averaging 3/16® in diameter.

Bix tensile specinens vere made of each of the two metals
sgalnst the mustenitic menganese steel. Five of eagh wero pulled in
tensica, and the sixth sestioned through the spot welds ard prepared for
miorosscopic examination. The tensile strengths of tis individual speci-
mens are conteined in Tadble IV, and the average strength of the welds
between the different materials are as follows:

Breaking Load - Pounds

Material {Average of Five Tests)
18-8 to Hadfield 3600
low carbon steel to Hadfield 27%

In general the wald failures resiltiug from the tensile
tests ococurred by the pulling out of tne weld bdeads from the Hadfield
steel, the separation ecourring in the heat affected zone of the Hadfield
steal.

The results of the tensile tests indicate that either 18-8
or low carbon stecl siould prove satisfactory for application as helmet
attaciments providiug tae spot welding is conduocted between two contacting
parallel surfaces. :

-9-
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The microstructures of the sfot wvelds between the different
metale are shown in Figure § along vith ‘he results ef Knoop hardness
surveys through typical spot welds. Slight poresity is evident in some
of the welds, 2# well as interdendritic shrinkagze cracks in one of the
stainless steel spet welds. Satisfactory spet welds ean, however, de
obtained wvith either material and the quality of the welds may be further
improved by additienal experinentation with varieus techniques.

h. 8tress Oracking of Helmets

Preliminary work at this arsenal indicates the existence of
high residual stresses in the helmets, both tensils and compressive, re-
slting from the severe 00ld working in the forming eperations. Residual
stresses in productien helmets as high as 84,500 peunds per sq. inch have
already been meamured. Although the subject investigation is not directly
concerned with the consideration of the effect of resiéual stresses upon
the sarvice 1life of helmetc, seme of the helmets studied in this investi-
gation provide illuminating information regarding service behavior of
helmets.

The twventy helmets of series G and H, see Tadle I, were
forwarded to this arsemal in the drawn, trimmed, and spanked condition,
without edgings or chin strep clips attached and wnpaint ed. These helmets
had been carefully examined at the McOord plant prier to shipment and
vere desorived as being entirely free from oracks. Sortly after receipt
at this arsenal, the helmeis vere re-exanined for defests. One or more
oracks, varying in length from 0.3* to 2.0", were feund extending from
the rims of seven helmets. Details regarding the defects located on the
helmets are contained in Table V.

It 48 believed that such cracking is asseciated vith the
highly stressed condition of a steel that is very noteh sensitive. In
nany caser of service cracking, the orack is obdviously associated vwith a
neteh, but in mmerous instances, once the crack has escurred, the presence
of the original notch cannot be verified. It is possidle that, in many
instances, ~ery mmall edge cracks occur immediately wpon trimming or
spanking of the visor but pass undetected at the fabrisator's plant and
are smbssquently covered up vhen the stainlecs steel edgings are fastened
around the rim of the helmets. These oracks then grewv longer with time
due to a comdination ef high residual stresses resulting from cold working
vith the stresses eccasioned by normal serviece.

The prodlem of sarvice cracking is being investigated in
grsater decall, vith severzl hundred oracked helmets returned from the
field available for study. Some of the serviee craeking is definitely
associated with the previocously descrided metallurgzieal defects, nanely,
decarburisation and undissolved cardides; some can be traced to severe

-10-
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ne sgches in tLe edge of the helmet resulting from trimming with nidked
dles, but the underlying ocause is the highly stressed condition of the
helmet shell resmlting from an extrenmely severe eeld forming operation.

6. It has been demonstrated that certain metallurgical defects
are more or less commoenly essociated vith commereially produced ladfield
stoel helmet stoak. These metallurgical deiects have a very definite
relation to the breakage of helmets, both during mamufacturing and in
service, and ocensequently mist be emtirely eliminated if tle helmet is
to be contimed in prodnotion with its present design and mamufasturing
techniques. The adoption of a specification covering the quality of the
steel purchased for the helmet application is the enly method whereby
netallurgically defect' ve steel can be discarded.

(_7. L/l/% L ‘;:4

A. Huriieh
Assoe. Metallurgist
APPROYRD:

i

Najor, Ord. Dept.
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Steel E. Schlueter Lot 62A. Sharon Heat 12195,

No decarburiszation. Magnetic traverse - 2,5°,
Surface typical of satisfastory helmet steel.

Steel (OB. MoCord Lot 575. Oarnegie Heat 2146503.
Decarburised steel. Magnetic traverse - 11,0°,
Mottled surface oondition observed on numerous
decarburised diecs.
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Side View -A- X2 Inside Viev -B- X2
Steel X - Schlueter Lot 62A, Sharon :eat 72195. Setisfactory steel. Appearance of
cup prior to fractur~. Surface of stcel is smooth and free from oracks. Magnetie
traverse - 2.5%,

Side View -C | X2 Inside Viev PR < X2
2

Steel A - Schlueter Lot U8A, Sharon Heat 72312, Decarbdurisz:d steel. Appearance o
oup after fracture. Surface crecking :nd jagged frasture typical of decarburisel
steel. Magnetic traverse - 15.0%,
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ilde View -k X2 Inside View
$eel Cl - Schlueter Lot 37B, Sharon Heat 720U4. Leminated steel. Appearance of
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+izrestructures of aeluets That zroke
in tie ~o

.
riaing Oueration

hital zten

. | i
A X250 -B- %250
delmet Db, LeCord Lot 544B, Carnegle  elmet DU. Typlcel cracks ix
.eat 2H5739. Hertensitic surface nartensite layer resulting fronm

layer resulting from decarburization. {eformation of brittle
Width of layer = 0.001o", Magnetic constituent,
Traverse - 23.0",
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=l X1000 =D X1000
neluet Bl, kelord Lot S41C, Sharon Helmet E2, keCord Lot 5U49B, Siaron
neat 72203. letwork of undissolved Heat 72198. Undissolved carbidrs.

ceroldesd at grain boundaries. Magnetic Traverse - 1,07,
aagnetic Traverse - 3,04,
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Knoop Hardness Survey of Decarburised Surface
of Helmet that Broke in Drawing Operation

WT'4,639-6166
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Microstructure of Spot Walds of Magnetic
U" Type Chin Strap Clips

Unetched
Helmet CH, McCord Lot 549B, Sharon

Heat 72198. Severe fusion zone

cracking in the Hadfield Steel.
Very poor weld.

Nital «Ca

Helmet Cl. Area shown in =B-,
Severe cracking at boundary of base
metal and zone molten during spot
welding. Dendritic structure in
molten region.

X200

WIN,630-6167

Hewver
=B~

CtLip
Unetched

x25
Helmet 01, McCord Lot 533A, Carnegie

Heat 186917. Weld porosity and
fusion zone cracking.
Unsatisfactory spot weld.
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: e Hrmey
Nital - X1000
Kelmet Cl. TFerrite, pearlite, and

martensite in magnetic steel clip,
Cast structure showing coring in
austeritic steel. .

FIGURE 6



EFPEAIMINTAL SPOT WEDS

LCW CARBCE STESL VS, HADFIELD 18- STAINLESS STXEL VS, HADFIELD

Etched in Nital Original Haguification X5

e AP

Hadfiedd

Original Magnification X2§

KNOUP HARDNESS SURVEYS OF SPOT WELDS

e ——u2ee

Badfield

Original Kagnification X100
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ZABLE 11

Correlation of Surface Condition with Steel Quality

*Hagnoetic
Diso McOord Traverse
Mo, Rating Inches Miorostructure Surface Condition
Al  Poor surface 0.5 Satisfaotory - ne dsoard, Dented
A2 Poor murface 2.0 . . .
A} Poor surfase 4.5 . . “Oulon-skin®(PFigure 10)
tty decarburised layer
A4 Poor surface 8.5 3‘“ 0.001" thiok Mottled (Figure 1B)
45 Poor surface 10 8 .
3l Oeod surface 2.0 Satisfactory - ne dseard, Smooth
B2 Good surface 6.0 . » Smooth
33 Good surfase 6.0 . . Smooth
tty decarburised o«
B4  Good sarfase 9.5 g" c:yo.oon riopie lay Slightly mottled
3% Good surface 10.5 8 Smooth

Disos Al-A5 rated unsatisfactery at MoOord. May cause drew dreakage due to
poor surfaces.

Discs Bl-B5 rated satisfactory at NoCord. Good surface condition.

SAverage of three tests.



ARSTRIOTED

Semple
Group Heat No.
Letter Numder _Source MeCord Supplier Lift No, Description
:{ 6  Carnegie 619-B 246861 50818
E 1 ’ 619-3 246861 50818
| 8 . 619-B 246861 50818
: 9 " 619-3 246861 50818
E 10 » 619-3 26861 50818
Heat No,
Digc ¥o, _Source MoCerd Supplier Description
- Carnegie 612 177055 Diss, smooth surface.
- " 612 177055 Disc, smoeth surface.
[+ ] " 575 246803 Disc, reugh surface.
- " 575 246803 Dise, reugh surface.
- Sharon 603 12372 Dieo, mmooth surface.
- . 603 12372 Diss, meeoth murface.
B . 587 72903 Diso, reugh surface.
4 U 587 724%3 Dise, rough surface.
st lied by the Schluster Manufacturing Cempany
E-10  Sharem 62A 7295 10 discs, from heat vith satis-
fastory drawiag properties.
3,4,5 . 634 72202 3 dises, from heat with which
drawing Adifficulties wvere experiemced
C1-10 . 373 T20kk 10 discs, defective Decause of
laminatiens.
A1-10 " NEA 1202 10 dises, defective, improperly

RESTRICLED

annealed.
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TABLE 11X
Masnetic Test of Nolord Helmets
Magnetio* Nagnetis
Helmot Traverse Holmet Traverse
Mo, ches No. _Inocheg
a 13.5 n 0.5
02 .:;ni:'_ 33 r2 2.5
oMk 2.0 ) 4 7.0
c5 2.0 ) 6.5
06 11.5 » 1.0
o7 8.5 ¥ 7.5
08 .5 n 1.5
€10 11.5 b | ] 1.5
19 8.5
b1 § 15.5
D2 7.5 a 0.5
D3 3.5 @2 0.5
s 231.0 @3 1.0
D5 13.5 ol 1.0
D6 0.5 @5 0.5
[+ 1.5
o S o7 0.5
2 1.0
i3 - a8 1.0
B - 03 0.5
» - 610 1.0
Magnetic
Helmet Treverse
¥o, Inches
n 8.0
H2 5.5
H3 8.5
His 1.0
H5 5.0
B 1.5 IS
SHOTE: Average of three 1.0 ,,;;u fa

tests, each at a K

different location g 5.0
on the helmet. ) 8.5
Ko

9.5
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TABLE 1V
Zonsile Stremgths of Experinental Spes Welded Spesimens

Spocinmen No. MNaterial Bresking lLoad -~ Pounds
1 18-8 to Hadfield 3650
2 . 3200
3 ¢ 3550
4 . | 3150
5 ? 3300
Average 3600 pounds
6 Lev cardon cteel to Hadfield 2800
7 : 2650
§ " 3000
9 ' 2850
0 . 25%0

Average 2750 peunds

See Figure 6 for dimensions of teusile specimen and details of spot welds.



RESTIXKISTZD

TABIE V
‘Defeots Located on Helmets of Series G and E
Detostod at Vatertown Arsemal

Helmet

No, Dosaripiion of Defeet

@ 2.0" crack wp from edge at 335°,* no motah

G2 -

@3 0.4% orack up frem edge at 338°, at metch

0.3" orsck wp from edge at 338°, at netch
0.3" crack wp from edge at §°, ne neteh

05 3

a6 -

a7 -

e 0.3" orack up from edge at 3°, ne noteh

@9 0.3" srask up from edge at 13°, me netch
@10 -

Rn -

H2 -

3 .

)1 >

: ] -

H6 0.4® erack up from edge at 334°, at netch

H =

HS -

): ¢ 0.3% orack up fria edge at 333°, mo motah
20 -

"Cloekvise rotation, starsing from the middle eZ the visor as 0°,




